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FLAVOR QUALITY AND STABILITY OF POTATO FLAKES
Volatile Components Associated with Storage Changes

INTRODUCTION

DEHYDRATED POTATO products un-
dergo two distinct types of flavor change
during storage: flavor defects arising from
reducing sugar-amino acid interactions
and flavor defects associated with lipid
oxidation. The relative extent of these
changes depends on product composition,
processing conditions, the presence of
additives, product moisture content and
storage conditions (Burr, 1966).

Potato flakes, a form of dehydrated
mashed potato, have a shelf life of only 6
months in air at room temperature, even
when stabilized by the incorporation of
sulfur dioxide and antioxidants and by
drying to an optimal moisture content
(Cording et al., 1961; Strolle and Cord-
ing, 1965). Preliminary experiments con-
(ducted at the Eastern Marketing & Nutri-
tion Research Div. (EMN) and reports
from commercial producers of potato
flakes (Sapers, 1970, unpublished data)
have indicated that the shelf life of this
product is usually limited by the develop-
ment of hay-like off-flavors, attributed to
oxidation, rather than to nonenzymatic
browning. Potato flake instability is con-
sidered by the processing industry to be a
significant problem.

Research was undertaken’at EMN to
establish the causes of flavor defects in
potato flakes in terms of specific volatile
compounds and their precursors, to relate
flavor defects to specific raw material,
processing, packaging and storage vari-
ables, and to develop procedures to im-
prove product flavor and storage stability.
Changes in volatile components associ-
ated with the development of off-flavors
during storage are reported herein.

EXPERIMENTAL

Materials and storage conditions

Potato flakes were prepared from recently
harvested (Fall, 1970) Pontiac potatoes (specif-
ic gravity 1.080—1.085) at our Red River Val-

ley Potato Processing Laboratory (RRVPPL),
East Grand Forks, Minn., using the USDA proc-
ess (Cording et al., 1957). Two products were
prepared: one contained no added antioxidants;
the other contained Tenox 4 (20% BHA, 20%
BHT, 60% corn oil), which was added to the
cooked mashed potatoes, before drying, at the
rate of 1.5 ml/50 Ib (approximately .028%,
moisture-free basis). Upon receipt at the labora-
tory, these products were found to contain 6.4
and 8.1% moisture, and 1000 and 1660 ppm
SO, (moisture-free basis), respectively. Both
products were packaged in No. 10 cans under
air and under nitrogen (less than 2% oxygen)
and were stored at 0° and 73°F.

A commercial potato flake product which
had been prepared from recently harvested
(Fall,1970) Kennebec potatoes by a conven-
tional process similar to that used at RRVPPL
(with added antioxidants) and shipped to us in
bulk was repacked in No. 10 cans under air and
under nitrogen and was also stored at 0° and
73°F. This product contained 4.7% moisture
and 330 ppm SO, (moisture-free basis).

Sensory evaluation

Samples were removed from storage at inter-
vals for evaluation by a 15-member trained pan-
el which had previously been familiarized with
the flavor of fresh and stored potato flakes. The
samples were reconstituted without added milk,
butter, or salt by mixing 60g of flakes with 1
cup of boiling water and 1/3 cup of cold water.
An additional 1/2 cup of hot water was added
to obtain the desired texture. Samples were
served in aluminum foil dishes and examined

under green light. Panelists were asked to com-
pare the flavor of coded samples, including a
hidden standard, with a standard which had
been stored under nitrogen at 0°F using a five-
point rating scale ranging from five, “same as
standard,” to one, “extreme off-flavor.” The
significance of differences reported by the pan-
el was determined using Duncan’s multiple
range test (LeClerg, 1957).

Headspace vapor analyses

Headspace vapor analyses for lower boiling
volatile components were performed on all de-
hydrated potato products using a modification
of the procedure of Sapers et al. (1970). A
ground glass joint was substituted for the rub-
ber stopper used with the original flask-stopper
assembly. Vapor samples were analyzed with-a
Hewlett-Packard Model 7624A Gas Chromato-
graph using dual 12 ft, 1/8 in. stainless steel
columns containing 15% Carbowax 20M on
80/100 acid washed Chromosorb W, a helium
flow rate of 15 ml/min, and flame ionization
detectors. The injection port and detector tem-
peratures were 200°C and the column tempera-
ture was programmed as follows: 60°—~70°C at
1°C/min, 70°—100°C at 2°C/min, 15 min iso-
thermal at 100°C. Retention time and peak
area measurements were made using a Hewlett-
Packard Model 3370A Electronic Digital Inte-
grator.

Preparation and analysis of potato
volatile concentrates

Concentrates of higher boiling potato vola-
tiles were prepared from all dehydrated potato

Table 1—Flavor changes in potato flakes during storage

Product flavor?

Storage conditions

RRVPPLP flakes

Commercial flakes

Time Temp Without antioxidants With antioxidants
(Mo.) CP Atm Score  Description Score  Description ~ Score  Description
3 73 Air 4.19 Like std 4.13 Like std 3.71¢ Hay
73 N, 4.19 Like std 4.44 Like std 4.32 Like std
0 N, 4.44 Like std 425  Likestd 4.79 Like std
6 73 Air  3.079  Hay 4.7 Like std 3599 Hay
73 N, 4.53 Like std 4.71 Like std 4.53 Like std
0 N, 4.67 Like std 4.71 Like std 4.65 Like std
9 73 Air — - 3.78¢ Hay - -
73 N, - - 4.50 Like std - -
0 N, - - 4.57 Like std - -

a1l samples, including a hidden standard, compared with a standard stored under nitrogen at 0°F.

bRred River Valley Potato Processing Lab.
CSignificant at .05
Significant at .01



products using a modification of the procedure
described by Sapers et al. (1971). Ground 280-g
samples of potato flakes were dispersed in 4
liters of distilled water, preheated to approxi-
mately 95°C, to form a slurry which was steam
distilled at atmospheric pressure as previously
described. Distillates, adjusted to pH 8 by the
addition of saturated NaHCO, solution, were
saturated with Na, SO, and then extracted with
freshly distilled diethyl ether. Ether extracts
were dried over anhydrous Na,SO, and con-
centrated to approximately 0.5g by refluxing
under nitrogen, a portion of condensing solvent
being continuously removed by the nitrogen
stream. Potato volatile concentrates prepared
by this procedure were stored at —18°C for no
more than 3 days before being analyzed. 10 ul
of an internal standard solution (1.76 ug ethyl
butyrate/ul diethyl ether) were added to each
concentrate immediately prior to its analysis.

A 2-ul aliquot of each potato volatile con-
centrate was analyzed using the chromatograph-
ic apparatus employed for headspace vapor
analysis. The injection port and detector tem-
peratures were 250°C, and the column tempera-
ture was programmed as follows: 4 min at 60°,
60°—80° at 1°/min, 80°—120° at 4°/min, 6
min at 120°, 120°~160° at 2°/min, 20 min at
160°C. The helium flow rate was 17 ml/min.

All samples were analyzed in duplicate.
Component concentrations were expressed as
mean peak area ratios, obtained by calculating
the ratio of the component peak area to the

area of the internal standard (ethylbutyrate)
peak for the same analysis, and then averaging
the ratios for replicate analyses.

The aroma of components separated by this
procedure was determined by diverting half of
the GC column effluent through a TC detector
heated to 250°C and by smelling the gas stream
at the detector exit port during the course of
the analysis.

Mass spectral analyses

GC-MS analyses were carried out on head-
space vapor and volatile concentrate samples
using a Varian 1740 Gas Chromtograph inter-
faced with a jet separator to a du Pont 21-492
Mass Spectrometer. Spectra were obtained
using a scan rate of 100 sec/decade, an ioniza-
tion voltage of 70 ev, inlet temperatures of
150° and 200°C and source temperatures of
200° and 220°C for headspace vapor and vola-
tile concentrates, respectively. Chromatograph-
ic columns and conditions were identical to
those described previously.

All GS-MS identifications reported herein
were based on analyses of experimentally pro-
duced dehydrated potato pieces rather than
with potato flakes since the latter yielded insuf-
ficient volatile material. The potato pieces were
processed from Maine Katahdin and North Da-
kota Manona tubers using the process described

by Turkot et al., 1966. No antioxidants were.

used; both products contained approximately
1000 ppm SO,. The dehydrated Katahdin

Table 2—Volatile products of sugar-amino acid reactions in the headspace vapor of potato

flakes stored in nitrogen at 73° and 0°F

Mean peak area ratio

2-Methylpropanal and

2- and 3-Methylbutanal®

AcetoneP (Peak 9) (Peak 14)
Storage 0 3 6 0 3 6
Product Temp (°F) Mo Mo Mo Mo Mo Mo
Commercial 73 0.166  0.185 0.205 0.098 0.119 0.128
0 - 158 151 - .096 .070
RRVPPL? (without 73 281 362 282 .203 .200 .209
antioxidants) 0 - 265 .376 - .196 230
RRVPPL? (with 73 364 .587 .385 233 500 263
antioxidants) 0 - 391 646 — 304 464

2Red River Valley Potato Processing Lab.

Identified by mass spectrometry and retention time

pieces were held at 100°F under N, until
judged by the trained taste panel to have a
moderate scorched off-flavor level and were
then used as a source of volatile browning proc -
ucts. The dehydrated Manona pieces, whi
were more easily oxidized and less subject to
nonenzymatic browning than the Katahdin
pieces, were stored in air at 73°F until judged
by the panel to have a moderate oxidized off-
flavor level and were then used as a source of
volatile oxidation products.

Gas chromatographic comparisons of potato
pieces and flakes stored under comparable con-
ditions demonstrated that the headspace vapor
and volatile concentrate chromatograms for
both products were qualitatively similar. Vola-
tile components which were increased in one
product by storage in air or under nitrogen at
elevated temperatures showed a similar re-
sponse in the other product. The odor of such
components (observed at the detector exit
port) was found to be the same with both prod-
ucts. On the basis of these observations, the
GC-MS data obtained with dehydrated potato
pieces was applied to potato flakes.

RESULTS & DISCUSSION

Flavor changes during storage

The flavor scores of potato flake
samples stored for 3, 6 and 9 months in
air at 73°F and nitrogen at 73° and Q°F
are summarized in Table 1. Flakes pro-
duced at our Red River Valley Potato
Processing Lab. which contained BHA
and BHT showed no flavor change during
6 months storage in air at 73°F; a slight
off-flavor was noted by the panel after 9\
months storage in air at 73°F.

Flakes which did not contain added
antioxidants developed a moderate hay-
like off-flavor during 6 months storage in
air at 73°F. Samples of commercial flakes
developed a slight to moderate hay-like
flavor during 3 months in air at 73°F.

The hay-like off-flavor noted with
air-packed flakes was similar to the flavor
defect found in oxidized potato granules,
characterized by Buttery (1961), and
differed from the rancid off-flavor previ-
ously encountered in oxidized explosion
puffed potatoes (Sapers et al., 1970).

No flavor changes were noted in nitro-

Table 3—Volatile products of sugar-amino acid reactions in volatile concentrates prepared from potato flakes stored in ni trogen at 73° and 0°F

Mean peak area ratio

Furfural® Benzaldehyde® Phenylacetaldehyde®
(Peak 40) (Peak 45) (Peak 51)
Storage 0 3 6 0 3 6 0 3 6
Product Temp (°F) Mo Mo Mo Mo Mo Mo Mo Mo Mo
Commercial 73 0.58 0.76 0.78 0.51 1.22 1.40 1.76 4.20 5.03
0 - .65 .61 - .81 .97 - 3.35 4.11
RRVPPL? (without 73 .92 1.28 1.22 .72 1.11 1.17 5.67 7.14 7.98
antioxidants) 0 - 1.44 1.05 - .79 95 - 7.82 7.51
RR.VPPLa (with 73 - 2.16 1.82 91 1.08 1.57 5.90 12.8 11.1
antioxidants) 0 - 1.92 1.79 - .79 1.11 - 124 134

2Red River Valley Potato Processing Lab.

Identified by mass spectroscopy and retention time



gen-packed potato flakes stored at 73°
and 0°F.

Effect of storage temperature
~u potato flake volatiles

Headspace vapor analyses performed
on nitrogen packed RRVPPL and com-
mercial potato flakes (Table 2) demon-
strated that 6 months storage at 73°F
resulted only in small increases in low
boiling Strecker degradation aldehydes
previously associated with ‘browning”
off-flavors in explosion puffed dehydrat-
ed potatoes (Sapers et al., 1970) and
potato granules (Buttery and Teranishi,
1963).

Analyses of volatile concentrates pre-
pared from nitrogen packed flakes (Table
3) revealed small differences between
samples stored at 73° and 0°F in levels of
higher boiling compounds previously
associated with off-flavors in puffed pota-
toes (Sapers et al., 1971). Alkylpyrazines
were not evident on chromatograms and
could not be detected by aroma in GLC
effluents during the analysis of flake
volatile concentrates. The absence of this
class of compounds in flakes is probably a
major factor accounting for the lack of
off-flavors after storage in nitrogen.

Furfural levels showed little or no
change during storage but were substan-
tially higher in RRVPPL flakes, especially
those containing antioxidants, than in the
commercial flakes. This may be due to
differences in the extent of heat damage
during processing which would result in
different levels of volatile browning prod-
ucts. Phenylacetaldehyde, a major com-
ponent of potato flake volatile concen-
trates, showed a similar trend as did the
lower boiling Strecker degradation alde-
hydes determined in the headspace vapor.
Increases in levels of phenylacetaldehyde,
which occurred principally during the
first 3 months of storage at both 73° and
0°F, may have been due to the further
reaction of browning intermediates
formed during processing. Benzaldehyde

levels increased in all nitrogen-packed
products stored at 73°F and to a lesser
extent at 0°F. Greater increases in this
compound occurred in-air-packed prod-
ucts during storage at 73°F (see Table 5).
Differences between the air- and nitro-
gen-packed samples in levels of furfural
and the Strecker degradation aldehydes
were small and variable.

The absence of off-flavors in nitrogen-
packed potato flakes stored at 73° and
the minimal formation of ‘“browning”
volatiles in these samples during storage
indicate that the shelf life of potato
flakes is not normally limited by flavor
defects resulting from reducing sugar-
amino acid reactions. This conclusion
does not apply, of course, to products
which are abused during processing or
storage, i.e., by exposure to excessively
high temperatures. Such products might
be unacceptable when fresh or after brief
storage due to the presence of high levels
of volatiles derived from the browning
reaction. One must also consider the
possibility that these volatiles, while not
apparently objectionable at moderate lev-
els, might modify the flavor contribution
of compounds derived from lipid oxida-
tion and other reactions in stored potato
flakes.

Effect of storage in air on potato
flake volatiles

Headspace vapor analyses of air-
packed potato flake samples which devel-
oped a hay-like off-flavor during storage
at 73°F (Table 4 and Fig. 1) revealed
increases in n-hexanal and other com-
pounds previously associated with lipid
oxidation in various foods, for example,
potato granules (Buttery, 1961) and soy-
bean milk (Wilkens and Lin, 1970). Corre-
sponding nitrogen-packed samples which
lacked the off-flavor showed much small-
er increases in these components, prob-
ably indicating the breakdown of hydro-
peroxides formed prior to storage and/or
autoxidation involving residual headspace
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Fig. 1—Chromatogram of headspace vapor of
commercial potato flakes stored 6 months in air
at 73°F.

oxygen. The presence of antioxidants in
RRVPPL flakes greatly reduced the ex-
tent of these changes during 6 months
storage in air at 73°F, as one might
predict from the flavor stability of this
product; analytical results for 6 and 9
months were similar although flavor
changes were noted after 9 months stor-
age.

Analyses of volatile concentmtes pre-
pared form air-packed RRVPPL (no
added antioxidants) and commercial flake
samples after storage at 73°F (Table 5
and Fig. 2) showed substantial increases
in a number of components indicative of
lipid oxidation. These included n-hexanal,
2-pentenal (tentative), n-heptanal and
2-hexenal reported by Buttery (1961) in
oxidized potato granules, and 2-hepta-
none, 2-pentylfuran and benzaldehyde
reported by Buttery et al. (1970) in fresh
potato. Unknown components 24 and 47

Table 4—Effect of storage in air at 73°F on the headspace vapor composition of RRVPPL? and commercial potato flakes

Mean peak area ratio

RRVPPL?2 flakes Commercial flakes
Method of Without antioxidants With antioxidants
Peak identifi- 0 3 6 0 3 6 0 3 6
No. Identity cation® Mo Mo Mo Mo Mo Mo Mo Mo Mo
1 Unknown — 0.018 0.043 0.087 0.022 0.046 0.051 0.045 0.086 0.080
2 Pentane MS, RT .007 .048 .073 .015 .031 .027 .029 .073 .044
8 n-Propanal _ MS,RT .002 .008 .014 .002 .002 .002 .009 .018 .015
17 n-Pentanal MS, RT Td .002 .013 T T .004 T .008 .010
23 n-Hexanal MS, RT .012 .045 129 .010 .016 .034 .025 .048 .084
30 2-Hexenal® RT .001 T .005 .001 T .001 .009 .006 .009

aRed River Valley Potato Processing Lab.

MS = mass spectrometry; RT = retention time

CTentative
T = Trace



Table 5—Effect of storage in air at 73° F on the composition of volatile concentrates prepared from RRVPPL? and commercial potato flakes

Mean peak area ratio

RRVPPL? flakes
Method of Without antioxidants With antioxidants Commercial flakes

Peak Identifi- 0 3 6 0 3 6 0 3 6
No. Identity cation® Mo Mo Mo Mo Mo Mo Mo Mo Mo
16 n-Hexanal MS, RT 0.46 1.19 4.86 0.31 0.39 0.45 0.61 1.72 2.64
19 2-Pentenal® MS .06 .10 .30 .04 .05 .04 .04 .28 .38
21 n-Heptanal MS, RT 11 17 23 12 12 12 18 .35 40

2-Heptanone MS, RT
23 2-Pentylfuran MS, RT .01 .08 .05 T .01 .06 .05 21 .20

2-Hexenal MS, RT
24 Unknown - Td T 40 T T .06 .02 .05 .33
45 Benzaldehyde MS, RT 72 1.24 2.67 91 1.56 2.79 S1 2.33 3.65
47 Unknown — T .07 41 T .03 .05 .20 .40 71

2Red River Valley Potato Processing Lab.

MS = mass spectrometry; RT = retention time

CTentative
T = Trace
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Fig. 2—Chromatogram of potato volatile concentrate prepared from
commercial potato flakes stored 6 months in air at 73°F.

also increased during storage in air. Mass
spectral data obtained with the latter
peak [m/e 43 (100), 39 (80), 41 (60), 95
(34), 53 (28), 81 (26), 51 (20), 79 (16),
77 (14), 55 (14), 109 (4), 124 (2)]
indicate that it may be a furan. Much
smaller increases in the previously men-
tioned components (except benzalde-
hyde) were seen in air-packed RRVPPL
flakes containing added antioxidants,
even after 9 months storage at 73°F;
analyses at this time were similar to those
obtained at 6 months. Little or no change
was seen in volatile concentrates prepared
from all nitrogen-packed flake samples
after storage.

GLC effluents were examined during
the analysis of RRVPPL flakes (no added
antioxidants) which had been stored for 6
months in air and nitrogen at 73°F to
determine the odors of volatile concen-
trate components. While no single com-
ponent had an odor identical to the
hay-like off-flavor, the odors of a number
of components were suggestive of oxi-

dized off-flavors and/or were more in-
tense in the air-packed sample than in the
nitrogen-packed sample. These included
aldehydic odors from peaks 10 (n-penta-
nal), 16 (n-hexanal), 19 (2-pentenal), 21
(n-heptanal and 2-heptanone), 23 (2-pen-
tylfuran and 2-hexenal) and unknown
component 37; a sulfury odor from peak
24; a benzaldehyde odor from peak 45
(benzaldehyde); and a green-bean odor
from peak 47. The hay-like off-flavor
probably represents a blend of these and
perhaps other flavor notes contributed by
volatile components of oxidized potato
flakes.

Additional examinations of GLC efflu-
ents from analyses carried out at a col-
umn temperature of 180°C instead of the
standard program revealed the presence
of a violet-like odor suggestive of B-io-
none in both air- and nitrogen-packed
samples at a time coincident with the
retention time of this compound. How-
ever, quantitative comparisons were pre-
cluded by the absence of a measurable

peak at the retention time of S-ionone
with these and all other oxidized flake
samples. This is not surprising in view of
the extremely low odor threshold of
B-ionone (0.007 ppb) reported by Buttery
et al. (1971). The presence of this com-
pound would be indicative of carotenoid
oxidation (Ayers et al., 1964).

The conspicuous increase in benzalde-
hyde in air-packed flake samples during
storage is noteworthy. This compound
has been identified in many food prod-
ucts besides potatoes and may arise from
a number of sources including sugar
caramelization (Hodge, 1967), phenylala-
nine-sugar reactions (Ramshaw and Dun-
stone, 1969), the oxidation or thermal
degradation of compounds derived from
lignin (Kazeniac and Hall, 1970) and the
thermal oxidation of lipids (Kawada et
al.,, 1967). Antioxidants apparently do
not inhibit its formation.

It can be concluded from these data
that the hay-like off-flavor in aged potato
flakes results from oxidation and may be
due at least in part to the flavor contribu-
tions of the products of lipid oxidation
and other components described herein.
The shelf life of this product is limited by
these oxidative changes, but may vary
widely, even in the presence of antioxi-
dants. Research on the cause of such
variation is in progress and will be the
subject of future publications.
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